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PROCESS FOR PRontiPTw^ o xyctwatfh 

THIS invention relates to a proems for producing 
oxygenated products. More particularly, it relates to a 
process for producing oxygenated products from an 
olefin-rich feedstock. still more particularly, the 
invention relates to a process for producing oxygenated 
products such as aldehydes and/ or alcohols from an 
olefin-rich feedstock by means of hydroformylation. 

According to a first aspect of the invention, there is 
provided a process for producing oxygenated products from 
an olefin-rich feedstock, which process comprises reacting, 
in a hydroformylation stage, a Fischer-Tropsch derived 
olefinic product obtained by subjecting a synthesis gas 
comprising carbon monoxide (CO) and hydrogen (h 2 ) to 
Fischer-Tropsch reaction conditions in the presence of an 
iron-based, a cobalt-based or an iron/ cobalt-based 
Fischer-Tropsch catalyst, with carbon monoxide and hydrogen 
in the presence of a catalytically effective quantity of a 
hydroformylation catalyst and under hydroformylation 
2 0 reaction conditions, to produce oxygenated products 

comprising aldehydes and/or alcohols. 

The process of the first aspect of the invention is thus 
characterized thereby that it utilizes said Fischer-Tropsch 
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derived olefinic product as feedstock for the 
hydrof ormylation stage. , This feedstock is thus obtained by 
subjecting a synthesis gas comprising carbon monoxide and 
hydrogen to Fischer-Tropsch reaction conditions in the 
presence of an iron-based or a cobalt-based Fischer-Tropsch 
catalyst . 

Thus, according to a second aspect of the invention, there 
is provided a process for producing oxygenated products, 
which process comprises 

subjecting, in a Fischer-Tropsch reaction stage, a 
synthesis ga3 comprising carbon monoxide (CO) and hydrogen 
(Hj) to Fischer-Tropsch reaction conditions in the presence 
of an iron-based, a cobalt-based or an iron/ cobalt-based 
Fischer-Tropsch catalyst, to obtain an olefinic product; 

optionally, working up the olefinic product to remove 
unwanted components therefrom and/ or to separate a 
particular olefinic component therefrom; and 

feeding the olefinic product or the olefinic component 
as a feedstock to a hydrof ormylation stage in which the 
feedstock is reacted with carbon monoxide and hydrogen in 
the presence of a catalytically effective quantity of a 
hydrof ormylation catalyst and under hydrof ormylation 
reaction conditions, to produce oxygenated products 
comprising aldehydes and/or alcohols. 

More particularly, the Fischer-Tropsch catalyst and 
reaction conditions may be selected to give an olefinic 
product having desired characteristics, depending on the 
particular oxygenated products required from the 
hydrof ormylation stage. Thus, for example, the catalyst 



and reaction conditions may bo those utilized in f luidized 
bed reactors or reaction stages, eg those commonly known as 
Synthol reactors , or those utilized in fixed bed reactors 
or reaction stages, or those utilized in slurry bed 
reactors or reaction stages, as hereinafter described. 

The predominant Fischer-Tropsch products from, for example , 
Synthol reactors, can be olefins- These are predominantly 
linear and mono-methyl a-olefins, with lesser quantities of 
linear and mono-methyl branched internal olefins. The 
balance of the Fischer-Tropsch products comprise aromatics, 
paraffins and oxygenates such as ketones, aldehydes, 
alcohols, and carboxylic acids > Typically, in the olefinic 
product, more than one mono-methyl a-olefin isomer is 
present for any given carbon number, with the methyl group 
being present at any position along the a-olef in molecule 
backbone or linear hydrocarbon chain. 

A high degree of olefin feedstock purity and linearity have 
hitherto been regarded as essential for effective 
hydroformylation thereof; in contrast, in the present 
invention, it was unexpectedly found that a Fischer-Tropsch 
derived olefinic product, containing large amounts or 
proportions of additional, ie non-olef inic, components with 
different functional groups, as well as relatively large 
amounts of non-linear or branched olefins, can be used, 
directly or indirectly, as a hydroformylation feedstock. 

The Fischer-Tropsch stage olefinic product or the olefinic 
component as hereinbefore described can thus be used 
directly in the hydrof onaylation stage without any 
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substantial purification or further processing thereof to 
remove unwanted components such as non-olefins. The 
non-olef inic components in single or multiple carbon number 
fractions of the Fischer-Tropsch stage product then act as 
a reaction medium and/or a solvent medium in the 
hydroformylation stage, and can thus have a beneficial 
effect in the hydrcf ormylation stage. These non-olefinic 
components can ultimately be separated from the heavier 
hydrof ormylation stage products, eg by means of 
distillation, and used as synthetic fuels or the like it 
is believed that the additional cost of processing "such 
inert components in the hydroformylation stage is more than 
compensated for by the saving realized in not having to 
separate them from the hydroformylation stage feedstock. 
This is especially true for the higher olefin containing 
Fischer-Tropsch material, in which it may be difficult to 
purify and/or separate the valuable olefins from the 
balance of the Fischer-Tropsch products having structures 
and boiling points similar to the required olefins, 
subjecting such material to hydroformylation conditions 
favouring the formation of linear products, results in 
selective 'removal' of the olefins by their reacting to 
form heavier and still more valuable aldehydes and/or 
alcohols which in turn may be easily separated on the basis 
of temperature. This simplifies the benef iciation of the 
olefins. However, if present, organic acids should be 
removed as these can be deleterious to hydroformylation. 

However, the process of the invention also envisages that 
the olefinic pr duct from the Fischer-Tr psch reaction 
stage can, if desired, be w rked up to remove unwanted 
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components therefrom . and/ or to separate a particular 
olefinic component therefrom, in which case this component 
can b used as the feedstock to the hydrof ormylation stage. 
This working up typically involves distillation, and may 
include conventional, vacuum, extractive or reactive 
distillation. Instead, or additionally, the working up may 
involve techniques such as membrane separation. The olefin 
content and distribution of the feedstock to the 
hydroformylation stage can thus be tailored according to 
the oxygenated products which are required. Thus, a 
discrete or multiple carbon number olefin product from the 
Fischer-Tropsch stage may thus be processed further to 
produce narrower 'cuts; in which linear a . olerins are 
concentrated; when such cuts are used as hydroformylation 
stage feedstock, hydroformylation products with increased 
linearity are obtained. 

While the Fischer-Tropsch reaction stage and the 
hydroformylation stage can be separated from each other so 
that the olefinic product from the Fischer-Tropsch reaction 
stage can be stored or transported independently of the 
hydroformylation stage, the Applicant envisages that the 
stages will preferably be integrated so that the olefinic 
product from the Fischer-Tropsch stage passes directly to 
the hydroformylation stage with at most the working up of 
the olefin product and possibly some intermediate storage 
thereof between the stages taking place. 

in the light of this integration, the carbon monoxide and 
hydrogen r quired for the hydroformylation can typically be 
in the form of synthesis gas, which can then be th same as 



that used in the Fischer-Tropsch stage. This has the added 
advantage that all the reactants in the hydrof ormylation 
stage are then essentially sulphur free since the synthesis 
gas is sulphur free. 

If alcohols are the desired hydrof ormylation product, then 
the overall H 3 :CO usage ratios for the Fischer-Tropsch 
reaction and hydroforroylation stages may be approximately 
equal, thereby more readily facilitating integration of the 
gas systems of these stages. 

The hydrof ormylation stage feedstock is thus, depending on 
the Fischer-Tropsch reaction conditions and product workup, 
free of sulphur and typically contains between 35% and 100% 
by mass olefins. Of the total olefin content of the 
feedstock, between 50% and 100% by . mass may be linear 
a-olefins, between 0% and 60% mono-methyl branched 
a-olefins, and between 0% and 10% linear internal olefins. 

The Fischer-Tropsch reaction may be effected in a fixed 
bed, in a slurry bed, or, preferably, in a fluidized bed 
reactor. The Fischer-Tropsch reaction conditions nay 
include utilizing a reaction temperature of between 190 "»C 
and 340 *C, with the actual reaction temperature being 
largely determined by the reactor configuration. Thus, 
when a fluidized bed reactor is used, the reaction 
temperature is preferably between 300°C and 340"C; when a 
fixed bed reactor is used, the reaction temperature is 
preferably between 200»c and 250*C; and when a slurry bed 
reactor is used, the reaction temperature is praf rably 
between I90°c and 270°c. 



An inlet synthesis gas pressure to the Fischer-Tropsch 
reactor f between 1 and 50 bar, preferably between 15 and 
50 bar, may be used. The synthesis gas may have a H 2 :CO 
aolar ratio, in the fresh feed, of 1,5:1 to 2,5:1, 
preferably 1,8:1 to 2,2:1. A gas recycle may optionally be 
employed in the reactor, and the ratio of the gas recycle 
rate to the fresh feed rate, on a molar basis, nay then be 
between 1:1 and 3:1, preferably between 1,5:1 and 2,5:1. 
A space velocity, in m 3 (kg catalyst)* 1 hour 1 , of from l to 
20, preferably from 8 to 12, may be utilized in the 
reactor . 

In principle, an iron-based, a cobalt-based or an 
iron/ cobalt-based Fischer-Tropsch catalyst can be used in 
the Fischer-Tropsch reaction stage; however, an iron-based 
catalyst is preferred* 

The iron-based Fischer-Tropsch catalyst may comprise iron 
and/ or iron oxides which have been precipitated or fused. 
However, iron and/or iron oxides which have been sintered, 
cemented, or impregnated onto a suitable support can also 
be used* The iron should be reduced to metallic Fe before 
the Fischer-Tropsch synthesis. The iron based catalyst may 
contain various levels of promoters, the role of which may 
be to alter one or more of the activity, the stability, and 
the selectivity of the final catalyst* Preferred promoters 
are those influencing the surface area of the reduced iron 
('structural promoters' ), and these include oxides or 
metals of Mn, Ti, Mg, Cr, Ca, Si, Al, or cu or combinations 
thereof* Preferred pr m ters for influencing product 
selectivities are alkali oxides of K and Ma. The alkali 
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oxide to structural promot r mass ratio nay be between 0:1 
and 20:1 but should pr ferably be betw en 0,1:1 and 2:1. 
The structural promoter content thereof, expressed as grams 
of structural promoter per 100 grams Fe, may he between 0 
and SO but is preferably between 0,1 and 2 for high 
temperature Fischer-Tropsch applications, and between 10 
and 40 for low temperature Fischer-Tropsch applications. 

When the Fischer-Tropsch olef inic product is obtained in a 
high temperature reaction stage or reactor, such as in the 
synthol reactor or reaction stage, which uses a fluidized 
bed, the iron-based Fischer-Tropsch catalyst will normally 
be a fused catalyst, eg that, derived by the fusion of 
magnetite with various levels of oxide promoters as 
hereinbefore described. The fused material may then be 
crushed or atomized to yield particles preferably having a 
size <70 /im, and may be reduced with H 3 prior to 
Fischer-Tropsch synthesis. 

However, when the , Fis.cher-Tr.opsch olef inic product is 
obtained in a fixed bed or . a', slurry bed using lower 
temperatures as hereinbefore described, the catalyst will 
normally be a precipitated or supported catalyst. 

The Fischer-Tropsch catalyst nay be prepared in accordance 
with the methods described in the article by M.E. Dry in 
••Catalysis Science and Technology" (1979) Volume 1; pages 
159-255, Eds J.R. Anderson and ,M. Boudart. This article is 
hence incorporated herein, by reference. 



Khan a cobait-basa* c:.taiy.t is use<J( ±t My 
oob.lt and,or a cobalt oxida vhich bas baan pracipitatad 
ca M „tad or impragnatad onto a auitabl. aupport. such that 
tha catalyat haa the following composition: 

i-sog cobalt par loog aopport, pr.farably s-30g 
cobalt; 

0-20g promoter per lOOg support, preferably o-lOg 
promoter. 

Preferred supports for the cobalt-based catalyst are oxides 
of Tx, Mn, Si, Al or combinations thereof, while preferred 
promoters, when present, are metals and/or oxides of Pt, 
Ru, zr, Re or combinations thereof. 

The hydroformylation -catalyst will thus be selected 
according to the particular oxygenated products required 
in the case of a Synthol derived product, comprising linear 
a-olefms as hereinbefore described, being used as the 
hydroformylation stage feedstoOc, predominancy linear 
oxygenated products will be required. Thus the 
hydroformylation catalyst may then be a phosphine 'and/or 
Phosphite ligand modified rhodium (Fh, , cobalt (Co) or 
ruthenium (Ru) homogeneous catalyst, such catalysts are 
described in , for example, Us Patents' Nos. 3 239566 , 
3239570, 3448157, 3448158 and 3527809, which are hence 
xncorporated herein by reference. Preferred catalysts are 
tri-aryl phosphorous derivatives used as ligands with 
rhodium, and alxyl phosphorous derivatives used as ligands 
vith cobalt. Examples of such catalysts are tri-phenyl 
Phosphine ligands used with rhodium, and alxyl phosphines 
used with cobalt. specific examples of the latter are 
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tri-alkyl phosphines. as described; in US Patents Nos. 
3239569 and 3239571; 9-phosphabicyclo [4,2,1] nonane and 
9-phosphabicyclo [3,3,1] nonane as described in UX Patent 
Ho. 1254063 and OS Patents Nos. 3440291, 3527818 and 
3400163; and derivatives thereof, as described in Us Patent 
No. 3 420898. These patents are hence also incorporated 
herein by reference. Derivatives and modifications of 
these catalysts such as heterogeneous , supported, water 
soluble and/or bimetallic systems, can also be used. 

h rhodium, cobalt or ruthenium metal precursor and the 
phosphorous derivatives are usually introduced separately 
in the appropriate process stage, with the catalyst then 
forming in situ. For homogeneous phosphine modified 
rhodium catalysts or catalyst systems, the form of th 
rhodium precursor is important, while this effect is not as 
apparent in phosphine modified cobalt catalysts or catalyst 
systems. Preferred rhodium precursors include 

KC0Rh(P (C^h), and [Rh(OOCCH 3 ) 2 ],. 

For ligand modified cobalt catalysts, typical 
20 hydroformylation temperatures are between 140«C and 210*C, 

and preferably between 160»C and 200 «C; synthesis gas 
('syngas') composition with respect to the H 2 :co ratio may 
be 1:2-3:1, and preferably about' 2:1; syngas pressure may 
typically be 20-110 bar, and preferably 50-90 bar, the 
25 molar ratio of ligand to metal may typically be 10:1-1:1, 

and preferably is 1:1-3:1; and the % metal to olefin by 
mass may typically be 0,01-1, and preferably is 0,2-0,7. 
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For cobalt hydrocarb nyl catalysts, typical 
hydroformylation temperatures are between 80°C and 200°C, 
and preferably between llo»c and 180 *c; syngas composition 
with respect to the H 2 :co ratio may be 1:2-2:1, and 
preferably about i:i; syngas pressure may typically be 
170-300 bar, and preferably 200-220 bar; and % metal to 
olefin by mass may typically be 0,1-1, and preferably 
0,1-0,3. 

For ligand modified , rhodium catalysts, typical 
hydroformylation temperatures are between so°C and lSO^C, 
and preferably between 80 »C and 130«C; syngas composition 
vith respect to the H 2 :CO ratio may be l:2-3:i, and 
preferably 1:1-1:2; syngas pressure may typically be 
between 2 and 60 bar, and preferably between 5 and 30 bar; 
and % metal to olefin by mass may typically be 0,001-0,1, 
preferably 0,01-0,05. 

The hydroformylation stage products, ie the oxygenated 
products, can be worked up and purified by means of 
recognized procedures such as catalyst separation, 
distillations for separation of light and heavier ends from 
the desired products, hydrolysis of by-products by washing 
with caustic, and hydrogenation of aldehydes to produce 
alcohols, if desired. 

The hydroformylation stage products are thus typically, 
depending on the hydroformylation stage feedstock, to a 
substantial extent primary alcohols and/br aldehydes. For 
example, if the hydroformylation stage feedstock 
predominantly compris s c l0 olefins, the hydroformylation 
stage products may comprise between 35% and 90% by mass 
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primary linear alcohols an d/or aldehyd s, depending on the 
exact feedstock exposition and the hydrof ormylation 
conditions. The balance of the alcohols and/or aldehydes 
vould then typically comprise 60% to 9% by mass primary 
mono-methyl alcohols and o% to 30% primary dimethyl 
, alcohols „ 

The oxygenated products of the process are characterized 
thereby that, generally, they are biodegradable. 

The invention extends also to oxygenated products when 
produced by the processes of the invention, in particular, 
it extends to mono-methyl and/or dimethyl i inear alcohols 
and/or aldehydes when produced by the processes of the 
invention, and/or to derivatives of such products, such as 
alcohol ethoxylates, alcohol ether sulphonates, alc6hol 
sulphates, alkyl glycerol ether sulphonates, alxyl poly 
glucosides, fatty alkanolamides, a-sulphomethyl esters, 
fatty acids, fatty esters and phthalatee. 

The invention will now be described by way of the following 
non-li n i t i ng examples, and with reference to the following 
20 drawings. 

In the drawings, 

FIGURE i shows a flow diagram of a process according 
to one embodiment of the invention, for producing 
oxygenated products; 

FIGURE 2 shows a flow diagram of a process according 
to another eabodiment of the invention, for producing 
oxyg nated pr ducts; and 
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figure 3 shows a flow diagram of a process according 
-to yet another embodiment of the inv ntion, for producing 
oxygenated products. 

Referring to Figure 1, reference numeral 10 generally 
indicates a process according to one embodiment of the 
invention, for producing oxygenated products . 

The process 10 includes a separation stage 12 , with a raw 
synthesis gas flow line 14 r from a coal gasification stage 
(not shown) leading into the separation stage 12. An 
aqueous fraction withdrawal line 16 leads from the stage 12 
to an extraction stage 18, with a phenol withdrawal line 20 
as well as an ammonia withdrawal line 22 leading from the 
stage is. A heavy component withdrawal line 24 leads from 
the separation stage 12 to a tar and oil workup stage 26, 
with gasoline, diesel, bitumen and creosote withdrawal 
lines , designated 28,30, 32 arid 34 respectively , leading 
from the stage 26. ; ! 

A synthesis gas withdrawal line 36 leads from the 
separation stage 12 to a sulphur removal stage 38. a 
naphtha withdrawal line 40 leads from the stage 38 to the 
tar and oil workup removal stage 26. A carbon dioxide 
withdrawal line 42 also leads from the stage 38, as does a 
sulphur compound withdrawal line 44. .The line 44 leads to 
a sulphur recovery stage 46 with a sulphur withdrawal line 
48 leading from the stage 46. 

A synthesis gas flow line 50 l ads from the sulphur removal 
stage 38, to a reactor stage 52. A product lin 54 leads 

■i 



from the reactor stage 52 to a separation stage 56. The 
stage 52 can use fluidized bed Synthol reactors; however, 
instead, slurry bed or fixed bed reactor© can be used. 

An aqueous fraction withdrawal line 58 leads from the stage 
56 to an oxygenate workup stage 60, with ketone, alcohol 
and acid withdrawal lines 62, 64 and 66 respectively 
leading from the stage 60. 

A gas phase or fraction withdrawal line 68 also leads from 
the stage 56 to a gas separation stage 70. Carbon dioxide, 
Cj and C,^ withdrawal lines, designated 72, 74 and 76 
respectively, lead from the gas separation stage 70, as 
does a hydrogen withdrawal line 78. The line 78 leads back 
to the flow line 50. Optionally, a methane withdrawal line 
80 can also lead from the separation stage 70 to a methane 
reformer 82, with a product line 84 then leading from the 
reformer 82 to the line 78. 

An oil phase withdrawal line 86 leads from the separation 
stage 56 to a further separation stage 88. A product flow 
line 90 leads from the" stage 88 to a hydrof ormylation feed 
workup stage 94, with a hydrof ormylation feed line 96 
leading from the stage 94 to a hydrof ormylation stage 98. 
A flow line 100 leads from the stage 98 to a 
hydrof ormylation product workup stage 102 with a 
alcohol/ aldehyde withdrawal line 104 leading from the stage 
102. An off-gas withdrawal line 124 leads from the stage 
98, while a heavy ends withdrawal line 126 leads from the 
stage 102. 



An oil phase withdrawal line 106 leads from th separation 
stage 88, with oil phase product lines 108 and 110 leading 
from the stages 94, 102 respectively into the line 106. 
The line 106 leads to an oil workup stage 112, with a 
diesel withdrawal line 114 and a gasoline withdrawal line 
116 leading from the stage 112. 

A flow line 118 leads into the stage 98. The flow line lie 
leads from the flow line, 50 and/or from the flow line 78, 
as indicated in broken ;line. 

If desired, a flow line 120 can lead from the flow line 78 
to the stage 102. 

in use, raw synthesis gas derived from the coal 
gasification stage is cooled in the separation stage 12, 
and an aqueous fraction removed therefrom. The aqueous 
fraction is withdrawn ; along the flow line 16, while heavier 
tar oils, which are removed along the flow line 24. The 
aqueous fraction and the heavier tar oil fraction can be 
processed further respectively in the stages 18 and 26 to 
yield, in the case of the water fraction, phenols and 
ammonia, and in the case of the tar oils, creosote and 
heavy tar. Upon further working of the latter, BTX 
(benzene, toluene, xylene mix) , gasoline and diesel can be 
produced. 

The synthesis gas then passes to the sulphur removal stage 
38 where sulphur removal is effected by means of cooling 
and methan 1 washing. This firstly removes naphtha, which 
is withdrawn along the flow line 40 to the stage 26, and 
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then sulphur containing gases as well as Co 2 , which are 
removed along the flow lines 44, 42 resp ctively. 

Purified synthesis gas then passes to the reactor stage 52 
which comprises Fischer-Tropsch reactors containing an 
iron-based, cobalt-based or iron/ cobalt-based catalyst. 
The products from the stage 52 are cooled in the separation 
stage 56 to remove, by condensation, oil, water and water 
soluble products from the reactor outlet gases. The gas 
fraction is withdrawn along the flow line 68, and light 
Hydrocarbons, methane, hydrogen and carbon dioxide are 
separated in the separation stage 70. The methane may, 
optionally, be reformed in the reformer 82 into synthesis 
gas before being recycled to the stage 52 . 

The aqueous fraction separated out in the separation stage 
56 is withdrawn along the flow line 58 and, in the 
oxygenate worJcup stage 60, ketones, alcohols and acids are 
recovered therefrom. 

The oil stream passes to the separation stage 88 where it 
is subjected to distillation to obtain hydrocarbon 
fractions having a carbon number distribution desirable for 
hydroformylation. The balance of the hydrocarbons have 
synthetic fuel value, and pass, along the flow line 106, to 
the oil workup stage 112. The oil workup stage 112 can, 
naturally, be the oil workup stage 26, ie separate oil 
workup stages need not be utilized. 

The select d hydrof rmylation f ed fraction then passes to 
the workup stage 94. It is to be appreciated that the 
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stage 94 is optional, and it is not essential that the 
sel cted hydroformylation f ed fraction be subjected to 
further working up. When the workup stage 94 is present, 
an optional c, fraction or c, + fraction flow line 122 nay 
lead from the flow lines 74, 76 to the stage 94. Instead, 
the flow line 122 can then lead to the stage 98, if desired 
(not shown) . whether or not further workup is required, 
depends on the specific olefin content and the distribution 
required and may, for example, involve caustic treatment to 
remove organic acids if present, fighter olefin containing 
fractions from the gas separation stage 70 thus can also 
optionally be used as a hydroformylation feedstock by 
passing into the stage 94 along the flow line 118 and the 
flow line 122 (not shown) . 

The hydroformylation feed fraction then passes, along the 
flow line 96, into the hydroformylation stage 98. This 
stage comprises a hydroformylation reactor system 
incorporating catalyst ricoyary Jnd)or" catalyst recycle, 
synthesis gas required for the : stage' 98, and comprising 
carbon monoxide and Hydrogen, may be obtained from any 
suitable gas stream entering the stage 52 , or being 
recycled thereto. However, preferably, product from the 
methane reformer 82 may toe used as synthesis gas in the 
stage 98, this product thus entering along the flow line 
118 . This has the benef^,that i^c|mprises product which 
is passed over the Fischer-Tropsc:^ c^alyst in the stage 
52. The FischerTTropsch t catalyst ;>haey a'; high sulphur 
affinity and is poisoned by suiphu£/ and thus the synthesis 
gas contains very little sulphur. Off-gas from th stag 



98 is withdrawn along the flow line 124, and may be used 
fuel gas or may be recycled. 
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The product from the stage 98 passes to the workup stage 
102 which includes i separation of the 'inert' 
Fisener-Tropsch component which/functions as a solvent, 
hydroformylation products, and heavy ends. The heavy ends 
are withdrawn along flow line 126 and may be benefitted 
or used as fuel. The Fischer-Tropsch component with 
alternative synthesis fuel value is routed, along the flow 
line 110, to the oil workup stage 112. if alcohols are the 
desired product, then the workup ..stage 102 may involve a 
hydrogenation step in order to co.nylrt remaining aldehydes 
t;o alcohols. 

Referring to Figure 2, reference numeral 200 generally 
indicates a process according to a second embodiment of the 
invention for producing oxygenated products. Parts of th 
process 200 which are the same or similar to those of the 
process 10 hereinbefore described with reference to Figure 
1, are indicated with the ' same^ reference numerals. 



In the process 200, a methane or natural gas flow line 202 
leads into the separation stage 12, with the flow line 36 
from the stage 12 leading to the methane reformer 82. A 
product withdrawal line 204 leads from the reformer 82 to 
the reactor stage 52. 

The remainder of the process 2 po is Wub stasia lly the same 
as the process 10, and it functions in substantially 
identical fashi n to th pr cess 10. 



19 

EXAMPLE J 

in a simulation f the Fischer-Tropsch reactor stage 52 of 
the processes 10, 20 Q, a* olefinio product, suable for 
use as a feedstock for a subset: lydrof ormylation stage 
in accordance with tha ; invention; was prepared by pasalna 
synthesis gas, in a ;fiuidizeJ bed pilot plant scale 
reactor, over a fused iron catalyst. The catalyst 
contained, as a chemical promoter, potassium oxide (K 2 0) 
and, as structural promoter, silica (Sio 2 , , such that the 
K^/sio, molar ratio was approximately 0,5 and the mass of 
K 2 0 used was approximately 0,5g/ioog of Fe. The mass of 
catalyst load expressed in kg Hj*d* ^ , 2 ana tfte catalyst 
bed height was 2 meters 1 . 

The reactor temperature and pressure were maintained at 
±320o C and ±23 bar respectively. The molar ratio of Hj : C 0 
in the fresh synthesis gas was approximately 2 : l with a 
recycle rate to fresh feed rate ratio of approximately 2:1. 
A total gas linear velocity of 45cm sec- was used. under 
tnese conditions, theco and H 2 conversion was ±93% The 
selectivity to the oil fraction based on carbon atom * 
was ± 42%. This fraction was separated from the balance of 
the products using condensation in a simulation of the 
stage 56. The oil fraction was distilled, in a simulation 
stage 94, using conventional or vacuum distillation 
procedures to yield various olefinic containing fractions 
hereinafter referred to as Fischer -Tropsch fractions.' 
Various of these fractions were pretreated and subjected to 
hyarefor&yiation as described in the following examples. 
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A c, Fischer-Tropsch fraction in accordance with Example 1 
was subjected to a8eotropic distillation with methanol.' 
The overhead fraction comprising a c , Fischer-Tropsch 
derived component and methanol, was subjected to 
hydroformylation. The pretreatment of the feedstock in 
this manner resulted in the removal of the oxygenates 
originating from the Fischer-Tropsch reaction. The 
Fischer-Tropsch component of this hydroformylation 
feedstock comprised i ±8 it by mass t i-octene, while the 
feedstock comprised ±67% by mass, methanol. iS0m£ of the 
feedstock was loaded into an autoclave together with a 
rhodium catalyst precursor C Rh) 0OCCH,) 2 j„ and 
triphenylphosphine (P(C 6 H 4 ) 3 ) as liganding agent, such that 
the % Rh/olefin by mass was ±0,08 and the P f c 4 H j)a :Rh ratio 
by moles was 100: l. The material was subjected to 
hydroformylation for 5 hours at a constant temperature of 
90OC and an initial pressure of 25 bar, using syngas, ie 
synthesis gas, witb a molar H^-CO ratio of 2:1. Gas 
Chromatography (GC) analysis of the reaction products 
indicated an a-olefin conversion of ±96% and a selectivity 
to c. aldehydes of ±100% based on the number of moles of 
olefin converted. Of the aldehyde products, ±81% were 
linear, the balance being mono-methyl branched. 



A c, Fischer-Tropsch fraction in accordance with Example 1 
was distilled, and a C, Fischer-Tropsch material recovered 
a* an overhead product. This material was used as a 
hydroformylation feedstock in this Example. The 
Fisch r-Tropsch component of the fe dstock compris d ± 62 % 
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by mass l-honene, and ±18% by mass iso-nonenes comprising 
various mono-methyl branched e-olefins. The balance of the 
Fischer-Tropseh component consisted of various paraffins, 
aromatics and oxygenates having boiling points similar to 
the relevant C, olefins. 150m£, of the feedstock was loaded 
into an autoclave together with 50m£ n-octane, a rhodium 
catalyst precursor tRhCOOCCH,),], and tri-phenylphosphine 
(P(CjH 3 ) 3 ) as liganding agent, such that the % Bh/olefin by 
mass was ±0,04 and the P(C<Hj) 3 :Rh ratio by moles was 100:1. 
The material was subjected to hydrof ormylation for 4 hours 
at a constant temperature of 90 •c and an initial pressure 
of 25 bar, using syngas with a molar H 2 :co ratio of 2:1. gc 
analysis of the reaction products indicated an e-olefin 
conversion of ±94% and selectivities to C 10 aldehydes and C, 
paraffins of ±99% and ±1% respectively, based on the number 
of moles of olefin converted. Of the aldehyde products, 
81% were linear, the balance being mono-methyl branched. 

A C 10 Fischer-Tropseh fraction in accordance with Example l 
was distilled, and a c, 0 Fischer-Tropseh material recovered 
as an overhead product. This material was used as a 
hydrof ormylation feedstock in this example. The 
Fischer-Tropseh component of the feedstock comprised ±63% 
by mass 1-decene, and ±5% by mass iso-decenes comprising 
various mono-methyl branched a-olefine. The balance of the 
Fischer-Tropseh component consisted of various paraffins, 
aromatics and oxygenates having boiling points similar to 
the relevant c 1<( olefins. iSOat of the material was loaded 
into an autoclave tog ther with some n-octane,. a rhodium 
catalyst precursor [Rh(OOCCH,h] , and tri-phenylphoephin 
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(»(€*>,) as ligandin, agent. such tt „ tha % 
— v« ±0 ,04 andth. ratio by BolM ^ * 

The uaterial „.. sttbjectea tQ hydroreraylaMon fQr io heure 
at * ~™*»t tenper.ture of 90 -c ana an lnltlal prsssura 

Of 25 oar. ueing ByngM „ lth a Mlar Hj Co raWo 

-.lysis cf the reactor ptoauct8 indicated 

»-her =f »oX.s of oX.fin, converted. or £ 

hydrofomyXation promts. .„ „er. llnear vith ^ ' 
being Mlnly Bono-nethyX aXdehydes and aXcohoXs. 

la t P1 r er " Tr ° PSOh Ba * erial *he sane composition 

^ L ° MS f ' S8d " ^'Wticn feedstoc* 

-n th le «a»px.. ISO*, of this »t«i.i vas loaded into an 
autocxavo together with S0M n -octane. . cobalt 

;;rr, r - «i-n- bU t y xp h o S p ni no 

(»<«*>,) as Xzgandin, agent, such that the * co/oXefin by 
-ass was *o.s and the P (Wl :Co ratio * „ 0 Xe. « 8 Sst 
*n. material v., .unacted to hydrof ormylation at . 
constant t. npe r,ture of iso-c and an initial pressure of 70 
bar, using syngas with .{.olar fctf ratio of 2i i. Artar , 
hours cc analysis undertaken on the reactor products 
indicated an e-olefin conversion of «„ . na .activities 
to c„ aldehydes, c„ alcohols, c, paraffins, C( internal 
olefins and heavier oxygenated products of *,», t64% + „ 
*1M ana «, respectively, based on the «oX.s of o-olefin 

ZT^r^ hy?r ° f0rmy ^-.W-. «« were 
Unear, vith halanca b i ?g , na inXy f o„o- n ethyX alcohols. 
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fractionated and r pistil led., and » c Fia e „ „ 
aateriaa recovered as' •>< overhead proIcT ."'"'^ 

comprised ±eo* w ° k ' The *eedsto C Jc 

Prxsed ±80% olefins by Ws of whicft 

-olefin, il5% were aono , ae a _ ole£ . J 

linear xnterna! oi.rine. The or " "« 

eonsieted o f various ,para«i„e , aroatice Z 

together with a cb « autoclave 
-ri-no* /k * P-cursor Co(oocch 3 ) 2 . 4Hj 0, and 

- CLtTT phine (P(C,H,?,3) as such 

that the % Co/olefin by aass was ±0 , fi and h 
ratio by noles waa wv *Wli7>,.Co 

y moAes was 2.1. The tta terial was subjected fc« 
hydroformylation at a co«««.««. ^ «»3ected to 

co»e* * constant temperature of i7 0 -c and a 

constant pressure of in k Av . • 

• Af " r 8 h0 " S .' f C «* reactor producte 

to C n aldehydes, c,, alcohols, c" Dar »ff in 

' P a ^arfxns, and heavier 
oxygenated products or ±o,s%, + 86% 

r^-*, 186*, ±11% and +2 

thTr/" 1 ^ baSed ° n °° leS ° f °-° lefi " —erted: or 
the bilanee bain * »ono-»ethyl alcohols. 

•'a 

EXMfPT.B I 

A C. Fischer-Tropsch fraction in accordance vie* , 

"I 111 "' ^ !-~ -ate 
with aqueous NaOH. The resultant e w 
. J UAT:ant c io Fischer-TroDscn 

Z 'T I" " ^"-VXation t edatoc in ^ 
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which ± 69% were linear ^olefins, ±27% were xnono-methyl 
a-olefins and ±4* were linear internal define. The 
balance of the feedstock consisted of paraffins, aromatics 
and oxygenates all having boiling points similar to the 
relevant C l0 olefins. loome of the feedstock was loaded 
into an autoclave together , with a Co precursor 
Co(OOCCH,),.4H 2 o, and tri-n-octylphosphine (PCC,^),) as 
liganding agent, such that the % Co/olefin by mass was ±0,5 
and the P(c,h J7 ),:co ratio by moles was 2:1. The material 
was subjected to hydrof ormylation at a constant temperature 
of 170'C and a constant pressure of 70 bar, using syngas 
vith a H 2 :co ratio of 2:1. After 6 hours, gc analysis of 
the reactor products indicated an overall olefin conversion 
of ±90% and eelectivities to C„ aldehydes, c n alcohols, c 10 
paraffins, and heavier oxygenated products of ±1%, ±88%, 
±10% and ±1% respectively, based on the moles of olefin 
converted. Of the hydrof ormylation products, ±66% were 
linear with the balance being mainly mono-methyl alcohols. 

EXAMPLE ft 

A c 10 Fischer-Tropsch fraction in accordance with Example 1 
vas used as a hydrof ormylation feedstock. The feedstock 
compriseti ±57% olefins by mass, of which ±65% were linear 
and ±35% were mono-methyl a-olef ins. The balance of the 
feedstock consisted of paraffins, aromatics and oxygenates 
all having boiling points similar to the relevant c l0 
olefins. loom* of the feedstock was loaded into an 
autoclave together with the precursor Co (0OCCH 3 ) 3.411,0 and 
tri-n-butylphosphine (P(C 4 H,) 3 ) as liganding agent, such that 
the Co concentration was o, i2S8g/i00m£ and th (P(C«H,),) : C o 
aolar ratio was 5:1. The material was sub 3 cted to 



hydroformylation at a constant temperature of 200 -c and an 
initial P r ssur of 100 ; bar(g) , fusing syngas with a H,: C 0 
ratio of 2,1. After 3,7 hours, GC analysis of the reactor 
products indicated an o-olefin conversion of 93% and 
selectivity to C|l aldehydes, c It alcohols, c 10 paraffins, 
internal olefins and heavier oxygenated products of ±5 * 
*7*%, i8 %, ±5% and ±5% respectively, based on the moles of 
a-olefins converted. Qf the hydroformylation products ±50% 
vere linear with ^ balance ; consisting mainly of 
mono-methyl alcohols and aldehydes; ?ii 

For purposes of comparison, a mixture of pure 1-decene and 
n-octene was used as a hydrof ormylation feedstock. The 
feedstock comprised ±50% olefins by mass, of which ±100% 
were linear. The balance of the feedstock consisted of 
n-octane which was used to "simulate" the balance of the 
Fischer-Tropsch components in _ Example 8. ioo»£ of the 
feedstock was loaded into' an autoclave together with the 
precursor Co(OOCCH a)j .4H 2 0 and tri-n-butylphosphine (PCCH,),) 
as liganding agent, SU ch that the Co concentration was 
0,i739g/ioomt and the (P^H,),): Co molar ratio was 5:1. 
The material was subjected to hydroformylation at a 
constant temperature of 200-c and an initial pressure of 
100 bar (g) using syngas with a H 2 tC0 ratio of 2:1. After 3,7 
hours, GC analysis of the reactor products indicated an 
^-olefin conversion of 100% and selectivities to C„ 
aldehydes, c„ alcohols, c 10 paraffins, internal olefins and 
heavier oxygenated products of ±3%, ±71%, ±21%, ±0% and ±5% 
respectively, based on the moles of e-olefins converted. 
Of the hydroformylation products ±79% were linear with the 
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interna! olefins. WW ^- « 

=n comparison of toe alcohol ^ t 

This has an affect „„ „ . *"~ 11Mar — l««n feed. 

k * "rented product composition i„ 

the hydroforsylation pnaact spectruM P S " ion in 

variety. " J - ?*< ' , * £ the =>*thyl 

*■" If '-4 ; : , J " .i •• : 

* j 

1 vee d7"t 0h 1 TT P8Ch ' ffi " i0n ^ aeCOrdaa " 

" dlEtllUd ' — th « — ««d product thereof treated 

12 iT 0 " Ha °"- IhE - raSUltSnt C - xropsl 
material vas used as .hydrofor»yl,ti.„ f eedstoc* in IT 
example. The reedstoCc' co» P ri a «, '. 30l c ^ 

,,„ „, -. ; -.f.° ..." r5 " Cn.end c„ olefins by 

" ' °* UhlCh 1^*01^, +37% „J 

»ono- n «hylc-ola rlnsinai „ ws - ini 
Th= k i linear internal olefins 

^e balance of the feedstoc* consisted of paraffil 

zz:;r -** — points i ;« 

waetaded T C " ^ ° f «» 

va. loaded mto an autoclave together with co-o=tanoate as 

a Co precursor, and B-eicosyl-s-Bh^^w 

7 ow to hyaroforayiation at a 
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constant temperatur of !70*C and a constant pr ssure of 70 
bar, using syngas with a molar H 2 : CO ratio of 2:1. After e 
hours, GC analysis of 'the reactor ' products indicated an 
overall olefin conversion of ±99% and selectivity to c H+13 
aldehydes, C 1J+U alcohols, C 11+ls paraffins, and heavie^ 
oxygenated products of ±3%, ±S)3%/ ±4% ^ ±>l% 
respectively, based on the moles of olefin converted. of 
the hydroformylation products, ±50% were linear with the 
balance consisting mainly of mono-methyl alcohols. 

In order to demonstrate further the suitability of Synthol 
products as a hydroformylation feedstock, . a c„ n 
Fischer-Tropsch fraction in accordance with Example 10, was 
tested in a continuously operated reactor system, as shown 
in Figure 3. The reaction conditions employed were eimilar 
to those given in Example 10. 

In Figure 3, reference numeral 300 thus generally indicates 
a process according to another embodiment of the invention, 
for producing oxygenated products. 

Parts of the process 3 00 which are the same or similar to 
those of the processes io, 200, are indicated with the same 
reference numerals, and some parts of the process 300, 
which are the same as those of the processes io, 200, have 
been omitted. 

The proc ss 300 thus, in essence, comprises a diff rent 
hydroformylation or oxo stage 98, to the processes 10, 200. 



Th stage 98 of the process 300 comprises at l aat 



one 
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hydrofon.yi.tion reactor 3 02, with the flow n„ 8s 96 lle 
leading into the r acto* 302. xh. flow line 12 « 
the reactor 302. a product flow line 304 leads fro* the 
reactor 302 to a distillation stage 306. 

The distillate or product withdrawal line 100 
vithdra„i„ g alcohols, aide^e. conva , ted ^ 
Synthol . tmstm ., lead? , ron ^ atsge ^ 

products withdrawal line 308 also lWa d e from the 8tage 
ee a recycle line bac* to the line 9 S and/or to the reactor 
302, with a purge line 310 leading fton the llM , 08 
catalyst na>ce-up li». ?M leads lnto ^ ^ 

Thus, the recycle line 308 1. used to recycle catalyst' 
heavy oxygenates and the h.la„c e of the a l eo hols ind 
aldehydes, back to the reactor 302. 

use ie thus nade, in the stage 98 of the process 300, of 
distillation in the distillation stage 306 as a -cans of 
separating the catalyst tram the reactor products 
Preferably, falling titB distillation, typically wiped ,il» 
distillation, is used in the stage 306. The catalyst in a 
residue leg of the stage cr unit 306 is recycled to the 
reactor 303. This is facilitated in a solution of heavy 
oxygenates and the balance of the hydrofcmylation products 
not recovered as distillate in the stage 306. catalyst 
deactivation vas not observed. 

Stable operation of the continuous reactor was achieved 
ever a tine period of 60 days. The total conversion, which 
was lifted hy the sise of the eKp.rl„entai equips (lon , 
residence tie s c uld not be employed) was naintained at 
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±80% for 60 days, -a change in f ed n cessitated that the 
run be terminated . Hydroformylation product selectivities 
and linearities were siailar to those of Example 10. These 
values remained constant with time on stream, thereby 
indicating the absence of poisons in the feed. 

To demonstrate the biodegradability of the alcohols 
produced by the process of the invention, c u alcohols 
obtained in similar fashion to Example 6 were further 
tested. The final primary alcohols contained ±40% linear 
i-undecanol, ± 3€ % aono-aethyl c,, alcohols and ± 24 % 
di-methyl c„ alcohols, i standard OECD (European Community 
council Directive) procedures for biodegradability testing 
<OEC0 council Directive : Guidelines for Testing of 
Chemicals, Test 302A) employing a continuous 'bio-reactor' 
containing micro-organisms were used to test the breakdown 
of the abovementioned alcohols. A hydraulic retention time 
of ±6 hours and an alcohol concentration of ±50 ppn in 
water fed to the reactor were employed. Comparisons of the 
Chemical Oxygen Demand (COD) in the reactor inlet and 
cutlet taken over a period of 30 days, indicated that ±94% 
of the carbon fed to the reactor was biodegfaded. 

EXAMPLE 13 

The biodegradability of surfactants derived from products 
produced in accordance with the process of the invention, 
was tested by preparing c J0 alcohol sulphates from c,' 0 
primary alcohol products obtained in similar fashion to 
Example 4 using a standard eulphation technique. of the 
ale hoi sulphates prepared, ±73% were linear and ±27% were 
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composed of various heathy! derivatives. Subiectina 
taiis material to the sa». k- - ^acting 

rne ease biodegradability testis 
procedures and conditions described in Bx * mla J ' 
in ±»9i „e ..... w Example 12, resulted 

MM of tbe carbon feed material being biodearaded. 

It is thus apparent that, i„ the process of the invention 
various Pisoh.r-xrop.ch products „ 

ri: !,tl r reedBtooka ' 9ivin * **- - — « - 

as other unique plastieize*- 

precursors. "«»~ and de tergent alcohol 

in accordance with the Invention, the unigue character of 
the olefin composition and distribution in the high 
temperature Pischer-Tropsch fractions can thus be edited 
» »-al*yl phosphins modif ied Co ^alyst systems. ThMe 
catalyst systems facilitate i.omerisation of e-olefilt 
.nter»a L olefins. The internal olefins rMdlly 
.someriss- bac* to o-olefins before being 

*o /-Id predominantly linear products. on =o.p arin g 
products derived from.pure reeds vit h those derived from 
synthol products, as in E1£4Mple it t . ^ 
internal olefins undergo hydroformylation m pure feeds. 

The process | according ^ the f nvantion ; also ^ " 

following advantages: ' »- - ** 

^ w •• • v - .. .. 

synthesis gas is the only raw i 

. .■ ; y rav material required for 
producing higher aldehydes and alcohols 

- the synthesis gas as well as the feedstock for the 
hydroformylation stage is essentially sulphur-free 

- it was unexpected^ found that unique, hydrof oration 
products are obtained, ^ tKe rion that the 
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Fischer-Tropsch derived feedstock to the 
hydroformylation stage contain linear olefins and 
»ono-methyl a-olefins, with the methyl groups belng 
located at any position along the .-olefin molecules 
linear backbone. x» contrast, when using conventional 
linear olefin feedstocks for hydroformylation, the 
only mono-methyl hydroformylation products which can 
form are of the i-methyl variety. 
- the Fischer-Tropsch reaction products and the 
hydroformylation product distributions can be tailored 
to give desired hydroformylation product combinations 
it was also unexpectedly found that the balance of the 
components in the Fisher-Tropsch products, and which 
comprises aromatic*, oxygenates and paraffins, does 
not adversely effect hydroformylation reactions, and 
xn some cases can be beneficial, eg it can act as a 
polar solvent to improve the co and h 2 solubility, 
thereby improving gas to liquid mass transfer; it can 
improve reaction selectivity control by varying the 
20 concentration of the reactants, intermediates and 

final products; and it can improve process control by 
acting as an additional coolant. 

- the relatively high a-olefin content of the 
Fischer-Tropsch reaction prod^|ti, and : the fact that 

25 the Fischer-Tropsch ^components'^ relatively inert 

means that little ' or no additional chemical 
purification or chemical workup is required as 
compared to known hydroformylation processes. 

- the inert Fischer-Tropsch comp nents present in the 
30 f ed6tock to the hydroformylation stage hae 
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alternative synthetic fuel val£ , and can, if desired 
b hydrogenat d in a hydroformylation proce s. 

the hydrofornyiation products a k*»< , 

v uucts obtained, and 

derivatives thereof, are biodegradable . 

hydroforaylation of the olefins in th» p- ^ 

ins in the F "cher-Tropsch 
fractions i. an « £ici e nt „ y e£ beth aapa 

fro, other B-jM^;^, Khloh 
otherwise b. «« ioult , ^ lst „ ^ J 
~nv«t lng ^ to a .tux „or e valuable proauct . 
the higher end low^r »olecular weight alcohol products 
obtained by the process «. suitable f = r use as 
precursors for the production or biodegradable 
surfactants and plaeticizers. 



